Again it would appear that the same tissues in varying anatomical sites will give a different response when irradiated-an observation which was, in fact, made by two of the earlier writers on the subject, namely Recamier in 1905 and Regaud in 1922. The cell response varies with the individual tissue exposure to stress and strain, be it physiological or pathological.
To understand the process of radionecrosis, in so far as it affects the mandibular and maxillary regions, it is necessary to be familiar with the tissues involved, and with the salient anatomical features. The tissues concerned are skin, connective tissues, muscle, bone, dental structures, nerve tissue, vessels, salivary glands, and mucous membrane. It should be appreciated that roentgen therapy, radium therapy and the other forms of radiation employed in the control or treatment of neoplasms do so in essentially the same manner, namely by limitation of cell growth or, in some instances, by actual eradication of the cells concerned. While primarily designed to control cell growth, it is all too obvious that the so-called normal cell may be exposed to considerable danger. The type of irradiation employed, the dosage, and the method of administration are directly related to the effects produced on the tissues exposed. It must be understood, however, that factors of an unforeseen or unassessable nature may predispose to the formation of radionecrotic processes-overdosage with associated massive cell death; "scatter", that is leakage of radiations in the surrounding tissues; the adverse effects of secondary irradiations from bone {Gratzek et al., 1945) ; and the superimposition of trauma and/or infection are examples of such deleterious factors.
Histologically, these changes are basically little different from the accepted cell changes in degeneration (Boyd, 1947) ; and so there are depicted variations from simply cloudy swelling to frank necrosis. Certain features are, however, pathognomonic of radionecrosis. Not least of these are the endarteritis and periarteritis, which are constant findings in all established cases. The vessels show fibrotic thickening of all coats, disruption of the elastic fibres to a greater or lesser degree and, with this, the inevitable predisposition to thrombus formation. Together these factors produce permanent avascularity in an area in which, by virtue of circumstances, there is little chance of an adequate collateral blood supply being established. When bone is involved, the lacunre and canaliculi are found to be widened and there is, in addition, a considerable loss of the lamellar structure (Ewing, 1926a, b) . It is possible to recognize three basic types of degeneration in so far as they are manifested in bone. These are found singly or concurrently:
(a) Proliferative osteoblastic reaction. (b) Rarefactive osteoclastic reaction. (c) Irregular osteitic reaction. Each presents a radiographic picture, which, correlated with the history, is diagnostic of the condition of osteoradionecrosis. The proliferative osteoblastic reaction is found in these cases which are uncomplicated by infection-a process which is, in fact, similar to the effect of deep X-ray therapy in the treatment of such oral conditions as adamantinoma. With the ingress of infection, rarefaction of bone is apparent and the formation of sequestra is a frequent sequel, as also are pathological fractures. Lawrence (1946) draws attention to the fact that while necrosis is slow in radionecrosis, the formation of sequestra is even slower, hence the irregular osteitic reaction which sometimes presents. In the radiograph there may only be a loss of definition of the cortical bony outline, to indicate the early involvement of bone. Gratzek et al. (1945) describe the post-irradiation changes in bone as "frank aseptic necrosis". Uinfortunately any necrotic tissue is more prone to trauma and infection. The local resistance of the tissues and the powers of recovery are considerably diminished and so extensive suppuration is a not uncommon complication.
In the treatment of a malignant lesion, this sequence of changes would appear to have an added significance in that if tumour cells, in the course of irradiation, are not destroyed but merely walled off by a limiting barrier of fibrous tissue, these same cells can lead to a recurrence of the original lesion at a later date, should the barrier be exposed to and broken in part or in whole by the ingress of infection. In the presence of infection, full tumour doses of roentgen and radium therapy are contraindicated, and surgery in the presence of radionecrotic tissues is far from satisfactory. It can readily be appreciated, therefore, why it is so vitally important to consider the relative merits of therapy and surgery before embarking on the treatment of the lesion. It is only necessary to witness the failures in both fields to realize that there can be no room for complacency, as long as the patient, following treatment, is exposed to complications which, of themselves, can be so crippling. So far no mention has been made of the process of repair following exposure of tissues to irradiation. The reason for this is simply that true regeneration is conspicuous by its .absence. One explanation, in so far as bone is concerned, surely lies in the fact that, when bone is exposed to the effects of irradiation, the periosteum is easily damaged and may show irreversible degenerative changes quite early in treatment (Watson and Scarborough, 1938) . Kanthak (1941) and others have observed that while there may be damage to bone cells, it does not necessarily follow that there are necrotic changes in the surrounding soft tissues. The varying sensitivity of the individual tissues is stated to be in part responsible for this. While it is true that there is a marked variance in the response of the individual -tissues to the effects of irradiation, it is felt that in no case showing established osteoradionecrosis are the surrounding soft tissues devoid of the adverse effects of therapy. This -fact has been amply borne out in the cases which have come under observation. Again it has been established that in osteoradionecrosis of the jawbones, 83 % involve the mandible. It is felt that there are two main reasons for this, namely the marked difference in anatomical relationships in respect of development, blood supply and musculature; and the greater incidence of neoplastic conditions arising in the tissues related to the mandible, the treatment of which by radiation therapy exposes the bone directly or indirectly to the effects of the rays.
The teeth have always been acknowledged to have an important part to play in this problem of osteoradionecrosis of the jawbones. The eternal question is-"Should teeth be extracted before, during, or after therapy?" There are still those who advocate the removal of teeth during the course of, or on the completion of, irradiation therapy (Paterson and Thompson, 1948; Sarnat and Schour, 1950; Cutler, 1951) , while others are equally adamant that affected teeth should be extracted before the commencement of treatment (Trotter, 1931; Cade, 1949) . There would appear to be little doubt that teeth, healthy or otherwise, should be extracted and the sockets healed prior to the exposure of the immediate local or surrounding tissues to the effects of radiation therapy. Where the teeth have been retained it is quite common to find that the patient is complaining of acute pain some six to eight months after the completion of treatment (del Regato, 1939) . Cervical caries is a not infrequent accompaniment and may eventually lead to fracture of the teeth concerned at the amelo-cemental junction. Stafne and Bowing (1947) discuss the effects of irradiation on teeth and their supporting structures and state that arrested development and necrosis depend on:
(a) Intensity of irradiation.
(b) Age of the patient at the time of exposure. (c) Length of interval between time of exposure and time of observation. (d) Susceptibility of the patient to the irradiation. This inevitably leads to a consideration of the effects of irradiation on developing bony structures and teeth. In animal experimentation it has been proven that the more the total irradiation dosage is subdivided, and the longer the interval between the periods of exposure, the less is the inhibiting effect of the irradiations on the tissues concerned (Brooks and Hillstrom, 1933) . There is no doubt that if the bones of the face are exposed to the effects *of roentgen or radium therapy while they are still in the developing phase, a varying degree of limitation of the growth potential will ensue, which in later life may produce malformation, even asymmetry. The damage to teeth will be dependent, to a large extent, on the stage of development at the time of exposure, and so tooth germs may be destroyed, while at the other extreme there may only be stunted formation of the roots, or delayed eruption of the teeth concerned. The impaired formation of dentine in the developing tooth, the degeneration of the pulp, the damage to the periodontal membrane and fibres, and the gingivitis, which is a common complication in the post-irradiation period, have all been noted (Rushton, 1947; Leist, 1926; Wilson, 1953; Cook, 1952; Smith, 1931) . While some of these effects are directly related to the irradiations themselves, others again are indirect. The sequence of caries, gingivitis, necrosis, for example, cannot be explained entirely by the effects of the degenerative processes, although they undoubtedly have a major contribution to make. All cases do not show the progressive caries of teeth, even in the presence of quite extensive osteoradionecrosis, and it would appear to be necessary for the salivary glands to have been exposed to the radiation therapy, before some of the dental pathology presents.
The saliva of the patient showing radionecrosis of the tissues of the oral cavity, is decidedly acid in reaction, is extremely viscous, and may be considerably reduced in quantity when measured empirically over a period of twenty-four hours. Xerostomia is recognized as a complication of irradiation in the treatment of oral malignant disease by Faber (1943) and Furstenberg and Crosby (1945) . It is felt that the character of the saliva, in conjunction with the altered bacterial flora of the mouth, is directly related to the caries produced. Progressive cervical caries in the child following therapy is seldom seen, whereas, in the adult, it is a not uncommon finding. As radionecrosis itself is an infrequent occurrence in children, it is extremely difficult to draw any definite conclusions with regard to this matter. Further investigations, however, may prove of value.
Some of the etiological, pathological and histopathological aspects of radionecrosis involving the jaws have been discussed. It is now proposed to consider a few of the clinical signs and symptoms of the condition, and to outline the general principles of treatment. The secondary repair is essentially a plastic surgery problem and is outwith the scope of this paper. Consider therefore the extreme case of radionecrosis of the oral tissues, complicated by osteoradionecrosis and infection. Here the clinical signs and symptoms are many and varied, and while these are modified in the less severe cases, they are essentially the same. The predominating features may conveniently be tabulated as follows:
GENERAL ( Diet.-In the past the importance of diet has not been fully appreciated. The extreme case of osteoradionecrosis is usually associated with severe pain and with a varying degree of trismus. Mealtimes are to those unfortunate patients nightmares, and all too often the daily intake is poor and weight is lost. To build up the resistance of the patient to infection and to improve the general physical condition, it is important to maintain an adequate dietary intake. Individual requirements vary, but it is not uncommon for high calorie diets to be extremely well tolerated, even as many as 3,500-4,000 calories daily. Such figures can be attained by means of supplementary feeds in which fat emulsions play an important part (Sutherland, 1955) . It is thus possible to raise, the calorie intake considerably, while restricting the total volume to a minimum. Feeding can be entirely oral, by a special polythene Ryle's tube introduced nasally and kept in the stomach for several months at a time, if necessary, or by a combination of these two methods. Again it should be appreciated that a chart depicting the calorie intake and the body-weight can be of value. A persistent drop in the body-weight, despite a satisfactory calorie intake may well provide the earliest evidence of recurrence of a malignant lesion or of metastases.
Pain.-This is an almost constant finding in osteoradionecrosis, particularly in the mandibular region, and is, perhaps, the main symptom of which the patient complains. In the early stages, it is common to find that aspirin, phenacetin and codeine have been prescribed, but despite ever-increasing doses, pain persists. When these drugs are prescribed they should be given regularly, pain or no pain, and supplemented when necessary. Planocaine or Scuroform lozenges may be of value if allowed to dissolve in the mouth just before meals, but they have no lasting effect. Nerve blocks with Eucupin-in-oil, and even ganglion block or sectioning may be necessary in the more severe cases. In the fulminating cases, which are fortunately becoming fewer in number, Largactil, 50 mg. six-hourly, or in selected cases a pre-frontal leucotomy may provide the patient with a means of escape from the distressing pain which can be such a feature of the condition.
The fulminating type of case excepted, there is no one factor which can contribute more to the relief of pain than the surgical removal of the necrotic tissues. The important points to bear in mind when surgical interference is embarked upon are, firstly, the necrotic tissues must be completely removed, so that a normal healing response can be expected from the tissues at the time of the secondary repair-seldom can this be accomplished. Secondly, the future repair should not be a consideration at the time of the primary surgery, in case it should influence the thoroughness of the resection. The aim should be to:
(a) Create a defect by removing all the radionecrotic tissues.
(b) Encourage primary healing as far as possible by closing the wound. (c) Maintain the tissues in as near to the anatomical position as possible until such time as the final reconstruction can be effected. (d) Reduce infection to a minimum. In the maxillary region it is sometimes desirable to limit post-operative contraction, and this is possible if a mould is inserted at the time of the resection of the radionecrotic tissues; the addition of a split-skin graft will encourage primary healing and aid in controlling contraction. Again, a skin-grafted cavity can be trained to accommodate a self-retaining appliance at a later date. In the mandibular region resection does not present a major problem, except in those cases in which the resection extends beyond the midline. Here, one of the main problems concerns the control of the tongue and tongue muscles postoperatively, in order to ensure that the airway remains patent. This can be effected by the insertion at the time of operation of an artificial support to which the muscles of the floor of the mouth can be stitched. This may take the form of a silver, tantalum or vitallium bar, or of a plastic prosthesis. Inserts of this type can seldom be considered as permanent, but even if they only remain in situ for a period of three weeks they will have fulfilled their function. In the majority of cases it is necessary to utilize a bar which is of minimum bulk as, after the removal of the radionecrotic tissues, it is frequently not at all a simple matter to effect a soft tissue closure, and a bulky prosthesis could not be accommodated. Immediate bone grafts are, in the opinion of the author, contra-indicated in this field.
In any case in which prolonged respiratory embarrassment can be foreseen there should be no hesitation in carrying out a prophylactic tracheotomy. It is always preferable to perform a so-called "cold" tracheotomy, rather' than be faced with a tracheotomy as an emergency measure.
The infection which is invariably present in association with radionecrotic lesions can usually be controlled in three ways:
(a) Improvement of the general condition of the patient. (b) Establishment of strict oral hygiene.
(c) Antibiotic therapy.
The first of these has already been alluded to. Oral hygiene can be improved by attending to the care of the teeth conservatively and instituting a strict routine of mouthwashes and irrigations, utilizing bland solutions such as bicarbonate of soda in distilled water.
Such solutions as hydrogen peroxide should only be used in the weakest dilutions, as they tend to disseminate the infective process into the surrounding tissues. The introduction of the antibiotics has helped very considerably in the control of infection, but resistant strains of organisms are becoming more frequent and this should be guarded against by taking regular wound swabs, culturing them and establishing the sensitivity or otherwise of the organisms concerned in respect of a range of antibiotics.
Hemorrhage has been cited as a complication of radionecrosis. Martin et al. (1940) state that the mortality from this source alone is 10% in such cases. Frank necrosis is not always responsible for this complication. A proportion of cases is undoubtedly complicated by the presence of recurrence of neoplasm, and in such circumstances invasion of a vessel, if it is a large one, must surely be considered as a welcome release from pain and suffering. When such a vessel can be controlled, the cautery is the most efficient way to do so.
To summarize what has already been said with regard to the subject of radionecrosis involving the jaws, it is hardly necessary to reiterate what a crippling condition this can be. Daland (1941) states, as have many other writers in the past, that dental sepsis plays a definite role in the development of osteoradionecrosis of the jaw bones. Indeed this is all too true, but the condition, when it does arise, warrants considerably more concern than the co-relationship to the teeth. Here is a condition which has far-reaching general effects, many of which are irreversible. No one would suggest that poor surgery is an answer to good radiotherapy, but, in so far as the oral cavity is concerned, there would appear to be lesions treated by means of irradiation with the adherent risk of radionecrosis, which could be satisfactorily dealt with by means of surgery. Most of the lesions which can be dealt with successfully by the radiotherapist are amenable to surgery. Radiotherapy has a place in the treatment of malignant disease of the mouth, and in certain circumstances it has no equal. Surely there is a challenge to the workers in both fields to improve both methods and techniques.
The recent paper by Wilson (1955) and his colleagues in respect of the treatment of maxillary neoplasms appeals to the author. The approach to the problem is certainly a rational one-radiotherapy is followed by surgery and finally radium implants are utilized. It is argued that irradiation of a tumour produces the most satisfactory results when the blood supply in the area is unimpaired, and in the absence of previous surgery and/or infection, full doses of radiotherapy can be given. Following irradiation, any surgery carried out is less likely to predispose to dissemination of residual tumour cells. With the latter observation in mind, the biopsy is withheld until 1,000 r has been delivered to the area. Surely such a team approach to the work on neoplasms must offer more than the individual one. If progress is to be maintained, the radiotherapist and the surgeon must co-operate, pool their resources and periodically compare figures on results attained. In this way, the incidence of radionecrotic lesions will be still further reduced.
Irrespective of the methods employed, twoto five-year cures from the ravages of malignant disease may be considered satisfactory from a purely scientific point of view, but there can be little doubt that if one considers the humanitarian aspects, such a life expectancy is far from satisfactory, especially if, as so often happens, even that short span of life is marred by extremes of pain, disfigurement and mental torture. SUTHERLAND, A. B. (1955) Brit. J. plast. Surg., 8, 68. TROTrER, W. (1931 ) Lancet, ii, 833. WATSON, W. L., and SCARBOROUGH, J. E. (1938 ) Amer. J. Roentgenol., 40, 524. WILSON, C. P. (1955 Proc. R. Soc. Med., 48, 72. WILSON, H. E. (1953) Brit. dent. J., 95, 82. WINDEYER, B. W. (1943) Brit. J. Radiol., 16, 362; (1944) 17, 18. 9 MCINDOE, A. H., and FORBES, R. (1947) Brit. J. Radiol., 20, 269. Mr. Rainsford Mowlem: The chief feature of excessive radiotherapy or indeed of normal dosages of irradiation, is damage to the vascular supply. This damage is not only immediate, it is persistent and for as long as the patient may live the effects remain. Mr. MacLennan has said that factors of an unforeseen or unassessable nature may predispose towards radionecrosis-namely over-dosage and scatter and also the superimposition of trauma and infection. I do not believe that these factors should be unassessable. Certainly they should never be unforeseen. Any competent radiotherapist can tell whether or not as the result of his treatment there will be bone destruction, and armed with that foreknowledge it should lie within the powers of the surgeon to obviate the dreadful effects of radionecrosis. How he may do so is still a matter of discussion, but much of that discussion is dependent on factors which are not proven but which are still accepted. We must always remember that the damage is mainly to the blood supply so that regeneration is an impossibility. There is, of course, the corollary also mentioned by Mr. MacLennan that this damage inflicted in early life will obviously be followed by failure of development and this may mean permanent disability-permanent disability in the sense that the whole of the tissues in the irradiated area are no longer suitable for surgical intervention. We are faced with the necessity of deciding once and for all that if radiotherapy is to be used then surgery as a subsequent method of treatment is out of the question unless-and only unlessthe whole of the irradiated area can be completely removed. No partial excisions, no partial repairs are possible.
Mr. MacLennan goes on to state that in his opinion teeth should be removed prior to irradiation. Is that enough? If it is known that bone is going to be necrotic or likely to be necrotic would it not be preferable to accept this in the beginning? Would it not be preferable to resect the area of bone which is to be destroyed? The timing of such a resection presents some difficulty. We are told by the radiotherapists that operation prior to irradiation might have the effect of spreading the cancerous growth still further. I am not sure how far this is an impression, but it is certainly to my mind a point that needs considerable clarification. I personally am perhaps fortunately situated, in that the Centre at which I work shares a hospital with one of the biggest radiotherapy centres in London. In this combination of two units, the theory is developing that there may be a time shortly after the commencement of irradiation when resection is a perfectly reasonable proposition; when the risk of the spread of the growth is diminished and when there is still a sufficient vascular supply in the area to permit of normal healing.
If such resection is not performed and radionecrosis occurs, there is no likelihood of spontaneous sequestration and regeneration. All that remains is pain and infection and of these pain is the constant and intolerable symptom. MacLennan has stated that in the fulminating cases nerve section, six-hourly sedation or even prefrontal leucotomy may be necessary. He goes on to say of course that "excision of the affected area will cure the pain". There is no doubt that that is true. But I would suggest that we ask ourselves whether as the result of treating one condition, we have any justification whatever for producing pain of a degree that could, under any circumstances, warrant such a procedure as a prefrontal leucotomy. I do not believe we have. In many cases subjected to massive irradiation, there is no likelihood that the disease will be totally cured. All we are looking for is palliation and palliation does not mean the creation of a state of constant pain, of constant purulent discharge, of deformity, and of a total inability to lead a normal life.
MacLennan says that "no one would suggest that poor surgery is an answer to good radiotherapy". Of course it is not. There is no room for poor surgery anywhere; nor for poor radiotherapy. But there is the question as to whether radiotherapy is as good a general answer as surgery. It is obvious that in the fullness of time, and I hope it will not be long, neither surgery nor radiotherapy may have any part to play in the treatment of cancer of any kind. The answer must lie somewhere else. But I would venture to suggest that the damage done by a good surgeon cannot be as irreparable as the damage which may be done even by a good radiotherapist. And it behoves us to choose very carefully when we are deciding on the method of treatment for any condition of malignancy in or near the mouth. Radical surgery will at all events leave behind tissues that are capable of being used as the basis of a reconstruction, a state of affairs which may not exist after radiotherapy. After radiotherapy has apparently controlled the tumour it is to be hoped that there is still a sufficient margin of normal healthy irradiated tissue around it to enable the whole of the treated area to be removed prior to reconstruction. It could be that even more drastic surgery might be the answer. Wherever surgery, good surgery, offers even a reasonable alternative to good radiotherapy, surgery should be chosen. Surgery cannot inflict pain beyond the immediate postoperative phase. It cannot produce continuing avascularity, nor does it produce massive necrosis.
Whenever radiotherapy is used, as indeed it must be used, for those cases in which the diagnosis has been delayed, those unfortunates who have refused to come early enough to be helped, it must be recognized that radiotherapy is being used as a palliative treatment. If that is so, let us use it intelligently. Let the surgeon and the radiotherapist combine together to find the time at which surgery can hope to eliminate the disastrous effects which irradiation must produce if it is pushed to the stage of producing necrosis.
